Introduction {#sec1-1}
============

Previous animal data support combination study of intrathecal (IT) morphine, and ketorolac for post-operative pain.\[[@ref1][@ref2][@ref3][@ref4]\] Afterwards, a series of neurotoxicity studies in dogs and rats with ketorolac preservative-free (PF) formulation,\[[@ref5]\] led to approval for use in humans.\[[@ref6]\] Subsequent studies in healthy volunteers\[[@ref7]\] and patients\[[@ref8]\] suggested, conversely, a more limited role for spinal cord - cyclo-oxygenase in human pain states than predicted. The effect of spinal ketorolac in acute post-operative pain was somewhat disappointing in a model of visceral pain,\[[@ref8]\] in accordance to previous animal data.\[[@ref9]\]

Although IT ketorolac seemed inefficacious in both visceral pain models in animals\[[@ref9]\] and patients,\[[@ref8]\] its action on somatic type of pain has not been investigated to date in the clinical insight. The present study was designed to evaluate the impact of IT ketorolac combined or not to IT morphine in a clinical setting of acute inflammatory somatic pain, i.e., following total knee arthroplasty. The aim was to compare analgesia and adverse effects of IT ketorolac versus IT morphine, versus the combination of IT ketorolac and morphine.

Materials and Methods {#sec1-2}
=====================

With institutional approval from the Ethical Committee and written informed patient consent, 80 American Society of Anesthesiology (ASA) I or II patients aged 45-80 year undergoing elective hip arthroplasty under spinal anesthesia were studied. Patients randomized by computer generated numbers to one of four groups (*n* = 20) and prospectively studied using a double-blinded, randomized, controlled design to examine analgesia, and adverse effects. Routinely all patients underwent cardiac, renal, pulmonary, and coagulation evaluation. Patients with chronic illnesses other than osteoarthritis or who had recent (3 months) surgery or infection, patients with allergies or contraindications to non-steroidal anti-inflammatory drugs or opioids were excluded. The concept of visual analog scale (VAS), which consisted of a 10 cm line with 0 equaling VAS "no feeling of nausea" (VAS N) or "no pain at all" and 10 equaling "worst possible nausea" or "the worst possible pain" was introduced before surgery.

All patients were pre-medicated with intravenous (IV) midazolam 0.05-0.1 mg/kg in the holding room after venous puncture with an 18 G cannula under local anesthesia (1% lidocaine) in the forearm. On arrival to the operating room, standard monitoring was established (pulse oximetry, -electrocardiogram non-invasive arterial pressure monitoring with a Datex AS/3, Dale Corp., Madison, WI, USA Monitor). Intra-operative hydration consisted of 10 ml/kg lactate solution pre-operatively and 10 ml/kg/h after spinal anesthesia. Patients were randomly allocated to one of four groups. One anesthesiologist unaware of the study prepared the test drugs, although, a second anesthesiologist unaware of the spinal drug preparation performed the spinal puncture. The spinal anesthesia was performed in the operating room at the L3-L4 interspace with the patient in the sitting position. The spinal drugs were injected at 1 ml/7 s through a 25G Whitacre B-D spinal needle (Becton Dickinson and Co.). All patients received 15 mg hyperbaric bupivacaine plus 2 ml of the IT test drug. The control group (CG) received 2 ml saline as IT test drug. The morphine group (MG) received IT 200 g PF morphine (Cristalia^®^) diluted in saline to 2 ml final volume, the ketorolac group (KG) IT 2 mg PF ketorolac (Acular PF, Allergan^®^) diluted in saline to final 2 ml volume, and the morphine-ketorolac group (MKG) 200 g morphine (1 ml) + 2 mg ketorolac (1 ml) as test drugs. Patients were placed supine immediately after the spinal puncture. Data collections were conducted by a third anesthesiologist, unaware of the spinal preparations, and who evaluated the final collected data with the statistician.

Any impact on bupivacaine anesthesia by either IT test drug was evaluated by: (1) the quality of sensation at the anesthetized area (inferior members) described by the patient during the blockade installation was recorded as either heaviness, increase in temperature, numbness or pricking; (2) by the intra-operative level of sensory block, which included the prickly sensation test 5- and 10-min after the spinal puncture, in the anesthetised area during the blockade installation; and finally by the (3) duration of motor block, measured from anesthetic injection until the time to reach Bromage 2 score.\[[@ref10]\]

Blood pressure was monitored non-invasively every 5 min throughout surgery, and heart rate and oxyhemoglobin saturation (SpO~2~) were continuously monitored throughout surgery. A decrease in mean arterial pressure greater than 15% below pre-anesthetic baseline was treated by incremental doses of IV 5 mg ephedrine. Decreases in heart rate below 50 bpm were treated with incremental doses of IV 0.25 mg atropine. The patient using the 10 cm VAS N scored intra-operative nausea. The number of patients having nausea (of any degree) or vomiting at any point intra-operatively was noted. Nausea greater or equal to 4/10 at any time or vomiting during the study was treated initially with IV 4 mg ondansetron. Patients having more than one episode of nausea, the VAS scores were averaged.

Post-operative assessment included pain scores at motion as patients were encouraged to move the legs on bed, adverse effects, and the time to first rescue analgesics. Patients were free to rescue analgesics and there was always someone from the staff for administering the analgesic at the time requested. At the time patients freely requested analgesic after attempting moving the leg, the pain score was noted. The VAS at the time of the first rescue analgesic medication was measured using the 10 cm VAS. Time to first rescue analgesic (or duration of effective analgesia) was defined as the time from spinal puncture to first rescue of medication by the patient. Ketoprofen, 50 mg IV was available at the 4-h interval. The second rescue analgesic drug was 100 mg IV tramadol, administered 1 h after IV ketoprofen, at the 6-h interval. Duration of effective analgesia was measured with time to first IV ketoprofen dose after surgery as the primary outcome measure, either in the recovery room or infirmary, recorded in min. VAS pain score was recorded for statistical evaluation at the time of the first rescue analgesic and 24 h after the spinal puncture by the anesthesiologist who was blind to the treatment. The total dose consumption of different rescue analgesics in 24 h (ketoprofen alone or combined with tramadol) was also recorded for statistical analysis. Nausea and occurrence of vomiting were assessed intra-operatively and 24 h after the spinal puncture by the same anesthesiologist, blind to the treatment. The 24-h VAS pain score and VAS N reflected the patient\'s overall impression of the 24 h following the spinal injection. Other adverse effects, such as pruritus, were noted and treated if necessary.

Statistical analysis {#sec2-1}
--------------------

The decision about the IT dose of ketorolac to be used was based on the preliminary data and primary end point was time to first rescue analgesia, which formed the basis for power calculation. The IT dose of 1 mg ketorolac was firstly used in an open model in six patients, with no statistical differences regarding time to first rescue analgesic compared to the CG (three patients). The data revealed 187 ± 26 min and 174 ± 16 min for the 1 mg- KG and for the CG, respectively. Subsequently, 2 mg IT ketorolac was used in an open model in four patients, which revealed 355 ± 42 min.

The number of subjects was based upon the preliminary data. We hypothesized that 200 g IT morphine would increase the time to first rescue analgesic by 100% compared to the CG in the population studied, and expected that the association of IT 2 mg ketorolac would further increase the time to first rescue analgesic by at least 20% compared to the MG. If we estimated a standard deviation for this prospective power analysis an 80% and an alpha value of 0.05, these assumptions would require 12 patients in each group.

The normality of the distributions was assessed using the Shapiro-Wilk\'s test. Groups were compared for demographic data (age, weight, height) and duration of surgery by one-way ANOVA. Time to first rescue analgesics and the analgesic consumption (mg) in 24 h were compared using the two-way ANOVA followed by Tukey Honest test to decrease the probability of type I error. The number of analgesic administered in 24-h was evaluated by Kruskal-Wallis followed by Wilcox on rank sum test. *P* \> 0.05 was considered significant. Incidence of adverse events, gender, ASA status and adjuvant drug use were compared among groups by Chi-square corrected for multiple comparisons. *P* was considered significant if \>0.0125 (0.05 divided by the number of groups). Blood pressure, heart rate, level of anesthesia (pinprick), and VAS scores were compared among groups by two-way ANOVA for repeated measures.

Results {#sec1-3}
=======

Seventy-six patients were evaluated. Two patients from the CG, one from the MKG and one from the MG were excluded due to incomplete data collection. The four groups showed no differences regarding ASA status, gender, age, weight, height \[*P* \< 0.05, [Table 1](#T1){ref-type="table"}\], and routine daily analgesic consumption prior to the scheduled knee arthroplasty. All patients from the four groups were taking either daily oral 500 mg dipyrone or 750 mg oral paracetamol combined to once or twice a week 50 mg oral diclofenac on a regular basis to control pain before surgery (data not shown, *P* \< 0.05).

Regarding the impact of test IT drugs on spinal bupivacaine anesthesia, no impact on anesthesia was observed with the IT drugs and doses used. The number of patients in each group referring either heaviness (3; 2; 3 and three patients for the CG, MG, KG, and MKG, respectively); increase in temperature (9, 11, 10, and 11 patients for the CG, MG, KG, and MKG, respectively); numbness (6, 4, 7, and four patients for the CG, MG, KG, and MKG, respectively) or pricking (0, 2, 0, and one patients for the CG, MG, KG, and MKG, respectively), as main sensation in the anesthetized area during the blockade installation was similar among groups (*P* \< 0.05). The sensory level to pinprick at 5 and 10 min, surgical and anesthetic time were statistically the same to all groups \[*P* \< 0.05, [Table 2](#T2){ref-type="table"}\].
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Demographic analysis
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Intra-operative data related to impact of spinal test drugs on spinal bupivacaine anesthesia
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The post-operative data are represented in [Table 3](#T3){ref-type="table"}. The pain VAS score at the time of the first rescue analgesic medication was similar among the four groups (mean 5-cm) (*P* \< 0.05). In the CG, as soon as the anesthesia from IT bupivacaine was classified as Bromage-2, which means that the block was wearing off; all patients requested the first dose of IV 50 mg ketoprofen and 1 h later the first dose of IV 100 mg tramadol. By the end of 24 h evaluation, the patients from the CG received mean number of eight analgesic drugs during this period \[[Table 4](#T4){ref-type="table"}\], higher when compared to the KG and MG (mean of four drugs, *P* \> 0.05), or to the MKG (mean of one drug, *P* \> 0.02).
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Post-operative analgesia
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###### 

Post-operative analgesic consumption in 24 h
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Patients who received either IT morphine or IT ketorolac displayed similar profile during the study period of observation related to time to first analgesic requirement and total rescue analgesic consumption in 24 h \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\], *P* \< 0.05\]. The doses of morphine and ketorolac alone resulted in 7-8 h of analgesia when combined with 15 mg bupivacaine, compared to 3 h from the CG (*P* \> 0.01). The analgesic consumption in 24-h is described in [Table 4](#T4){ref-type="table"}. Both the MG and the KG required a mean number of four doses of rescue analgesic during the evaluation. The combination of IT morphine and ketorolac resulted in 15 h of analgesia, when combined with IT bupivacaine, and lesser rescue analgesic consumption in 24 h (1-2 requests) compared to the others \[P \> 0.001, Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

Related to side-effects, only one patient from the MG complained of transient intra-operative nausea (VAS 3 cm), and no pharmacological treatment was necessary (*P* \< 0.05). Intra-operative ephedrine consumption was similar among groups: CG: 10 ± 8 mg; MG: 10 ± 10 mg; KG: 8 ± 11 mg and MKG: 13 ± 10 mg (*P* \< 0.05). Post-operatively, one patient from the MG had vomited once after dinner and one patient from the MKG complained of nausea (VAS 5 cm). In both patients, 4 mg IV ondansetron was administered. Three patients from the MG and two from the MKG referred itching (VAS 3-4 cm); however, no pharmacological treatment was administered (*P* \< 0.05). Two male patients (one from the MG and another from the MKG) needed bladder catheterization 8 and 10 h respectively, after the spinal puncture. One patient from the KG complained of frontal headache, and 500 mg IV dipyrone was administered (*P* \< 0.05). There were no other spontaneous complains from patients.

Discussion {#sec1-4}
==========

Total knee arthroplasty (TKR) represents an on-going challenge as one of the most painful surgeries. Analgesic requirements after TKR have been reported to be significantly more than afterhip arthroplasty.\[[@ref11]\] In the population studied, we demonstrated that while either IT 200 g morphine or 2 mg IT ketorolac combined to bupivacaine spinal anesthesia resulted in 7-8 h to first rescue analgesic, their association resulted in 15 h, or doubled the time to rescue analgesic, suggesting an apparent additive, rather than synergistic effect as previously suggested.\[[@ref1][@ref12]\]

In addition, studies found no reduction in postoperative morphine requirements after knee arthroplasty when IT morphine was used in conjunction to spinal local anesthetic\[[@ref11]\] hence we evaluated the combination of IT morphine with another pharmacological drug, such as ketorolac.\[[@ref1][@ref12]\] In the present study, IT morphine was the standard drug used, and 200 μg was the chosen dosage as it is still a good option for post-operative pain following knee arthroplasty.\[[@ref13]\] when compared to- 100 or 300 μg,\[[@ref14]\] Spinal 200 μg resulted in 85% of patients requiring rescue analgesic, compared to 48% when the dose of 500 μg was used.\[[@ref15]\] Nevertheless, higher doses may be associated with a larger number of distressing side effects-such as itching, urinary retention, nausea and vomiting, delayed respiratory depression.

Related to IT ketorolac, spinal doses varying from 0.25-2.0 mg were well-tolerated, with the only adverse effect being a mild reduction in heart rate 15-60 min following injection,\[[@ref5]\] No adverse effects related to cardiac function were perceived in the actual study probably because of the concurrent spinal bupivacaine anesthesia, which in turn may have decreased blood pressure and may have increased-heart rate as a consequence. As previous animal data supported combination study of IT morphine and ketorolac for a post-operative pain\[[@ref1][@ref2][@ref3][@ref12]\] we decided to evaluate the analgesic effect of each drug alone or in combination. Preceding data in patients undergoing vaginal hysterectomy under bupivacaine spinal block demonstrated that IT 2 mg ketorolac did not extend bupivacaine anesthesia nor extended its analgesia.\[[@ref8]\] In addition, systemic (IV) ketorolac, but not IT ketorolac produced dose dependent inhibition of the responses after acute uterine cervical distension in rats, unlike morphine, which reduced response to visceral model of pain by spinal and supraspinal mechanisms.\[[@ref8]\] In the present study, IT 2 mg ketorolac did not extend bupivacaine anesthesia; however, resulted in similar analgesia to 200 μg morphine. The total inefficacy of IT ketorolac in patients\[[@ref8]\] could be partly explained by the type of predominant pain in the study design.\[[@ref8]\] The post-operative clinical setting used by the authors was visceral pelvic pain (vaginal hysterectomy), which may be more related to the hypogastric ganglion, and only secondary to spinal activation. Whether that the population had chronic pain it is unknown from the paper.\[[@ref8]\] Therefore, we decided to carry on the clinical evaluation of IT morphine and IT ketorolac in a clinical setting of acute post-operative somatic pain in a population with established past history of chronic pain.

The actual results showed that while bupivacaine alone resulted in 3 h of analgesia, IT morphine and IT ketorolac resulted both in 7-8 h of analgesia while their association doubled the analgesia time (15 h), associated to lesser rescue analgesic consumption. All patients in our study had complains of longstanding pain, and were routinely taking oral analgesic tablets for more than 12 months. It means that probably all patients have at least neurophysiologic disorders of the dorsal ganglion and spine correlated to the chronic pain state.\[[@ref16][@ref17][@ref18]\] Therefore, the absence of a good synergistic analgesic effect (a one) after IT ketorolac could be also a result of a study in patients with an established chronic pain state. Toll-like receptor 4 expressed on spinal microglia and astrocytes have been suggested to play an important role in the regulation of pain signaling in glial activation and spinal release of prostaglandin E-2 and tumor necrosis factor. However, allodinia secondary to glial/astrocytes activation was not attenuated by IT ketorolac while it only decreased the release of IT prostaglandin-2.\[[@ref16]\] As part of our methodology, another anti-inflammatory drug, ketoprofen was available as rescue analgesic. Although ketoprofen had no direct effect on the spinal cord, its analgesic action appeared to be spinally mediated and involves opioid and -2-adrenergic mechanisms\[[@ref19]\] and was also demonstrated to depress N-methyl-D-aspartate-mediated nociceptive transmission in spinal cord preparations.\[[@ref20]\]

Another point to be considered is because IT ketorolac analgesia has only just begun to be reported in the human setting, there is no knowledge to date about its spinal adverse effects - Its use as a potent cyclooxygenase-1 inhibitor, for intravenous analgesia after cardiac operations has been limited by concerns of increased cardiovascular events.\[[@ref21]\] Nevertheless, a recent study found that its use after coronary artery bypass grafting was associated with improved survival due to a lower rate of angiographically proven graft closure.\[[@ref22]\]

Ketorolac\'s effects on platelet function have been evaluated in volunteers and patients under general\[[@ref23]\] and spinal\[[@ref24]\] anesthesia. In healthy, awake volunteers, ketorolac prolonged bleeding time, and inhibited platelet aggregation and platelet thromboxane production. In patients undergoing knee arthroscopy under general anesthesia, platelet function evaluated by bleeding time, by platelet aggregometry with adenosine diphosphate and collagen and by thromboelastography was not inhibited after IV ketorolac despite near complete abolition of serum thromboxane B2 production.\[[@ref23]\] Nevertheless, platelet function was impaired with respect to bleeding time and platelet aggregometry to collagen when spinal anesthesia was employed in the same population.\[[@ref24]\] Unfortunately, in the present study no evaluation of platelet function was carried out, which thus was a limitation of our study.

Related to other adverse effects, death was attributed to an adverse reaction to intramuscular ketorolac in a case report, resulting in acute bronchospasm and cardiac arrest, with asthma as an underlying contributing.\[[@ref25]\] Whether IT ketorolac would have the same adverse effect is unknown. However, in the current study patients submitted to total knee arthroplasty had a past history of chronic pain and use of painkillers including non-steroidal anti-inflammatory drug, which would make it less probable to end with an asthmatic reaction.

Thus to conclude, the analgesic effect of PF IT 2 mg ketorolac may suggest its role as a spinal adjuvant when spinal opioids are contraindicated in the population studied. Taken together, our data suggested that IT ketorolac and IT morphine did not extend IT bupivacaine anesthesia but equally extended its analgesia, suggesting rather a summation of analgesic effects rather than synergistic effect as observed in previous animal data in somatic type of pain in the population studied.
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